Abstract Dealuminated zeolites Y were treated with aqueous solutions of various acids and ammonium salts to investigate the realumination behavior under acidic conditions. From the results of 27 Al MAS NMR, 29 Si MAS NMR and FT-IR measurements, it was found that a part of non-framework aluminum species in the dealuminated zeolite Y is effectively reinserted into the zeolite framework in CH 3 COONH 4 and C 6 H 5 COONH 4 aqueous solutions. Pyridine adsorption experiments also revealed that most of incorporated aluminum species generate tetrahedrally coordinated framework aluminum species, namely Brö nsted acid sites. Although the realumination also proceeded in H 2 SO 4 and CH 3 COOH aqueous solutions, large amounts of incorporated aluminum species were not necessarily responsible for generation of Brö nsted acid sites. Framework connected aluminum species, presumably as 3-fold-coordinated Lewis acidic framework aluminum species, were mainly generated. In the TEM image of the realuminated zeolite Y, needle-like crystals with ca. 25-80 nm in length were observed, which are probably due to AlOOH generated from non-framework aluminum species.
Introduction
The physicochemical properties of zeolite such as thermal stability and adsorptive, ion-exchange and catalytic abilities are greatly influenced by the content of tetrahedrally coordinated aluminum species in the zeolite framework. Alumination and/or realumination as well as dealumination of zeolite by various treatments have therefore been a matter of considerable interest. The dealumination methods such as thermal, hydrothermal or mineral acid treatments and their mechanisms have been investigated in depth to obtain zeolites with the higher stability and stronger acidity [1, 2] . However, the reverse process, alumination and/or realumination, has not been widely studied. Although there are several papers concerning realumination of dealuminated zeolites, the realumination was mainly conducted in the alkaline media [3] [4] [5] [6] [7] [8] [9] [10] [11] . Nevertheless, in the alkaline media, dissolution of a part of zeolite framework has been pointed out by several researchers. Therefore, the clarification of dealumination and realumination behaviors of zeolites has been still a matter of scientific and industrial interests.
Recently, we have investigated the reversibility of dealumination-realumination process of several zeolites such as zeolites MOR, MFI, FER and BEA by the pH control method [12] [13] [14] [15] . Aluminum species in the solution, which were eliminated from the frameworks of zeolites BEA and MOR by HCl treatment, were easily reinserted into the frameworks under acidic conditions. The amount of incorporated aluminum species increased while the pH value of solutions was 5-6. However, in the case of zeolite MOR, most of incorporated aluminum species were not necessarily responsible for generation of tetrahedrally coordinated framework aluminum sites. Reinsertion of non-framework aluminum species into the dealuminated zeolites MFI and FER hardly occurred.
In order to get further information concerning the realumination process under acidic conditions, thus we investigated the realumination behavior of zeolite Y (FAU), one of industrially important zeolites as solid acid catalyst, in this paper. Tables 1 and 2 . Namely, 5 g of the dealuminated zeolite Y was suspended in water and then a certain amount of 0.025 M H 2 SO 4 and CH 3 COOH aqueous solutions or 2 M ammonium salt aqueous solution was added to the suspension, whose pH value was controlled in the range from 3 to 6. The suspension was stirred at 75-150°C for 0.5-72 h. The product was filtered off, washed thoroughly with hot deionized water (60°C) and dried at 120°C for 12 h.
Characterization
The identification of zeolites obtained was achieved by X-ray diffraction (XRD, Rigaku RINT 2000). The bulk chemical composition was measured by X-ray fluorescence (XRF, Philips PW2400). Textural properties were determined by N 2 adsorption (Bel Japan Belsorp 28SA). Before adsorption measurements at -196°C, the powdered samples (ca. 0.1 g) were evacuated at 400°C for 4 h. 27 Al and 29 Si MAS NMR spectra were recorded on a Varian VXP-400 spectrometer with 4 kHz spinning speed at 104.3 MHz and 1.73 ls pulses for 4000 scans and at 79.5 MHz and 7.5 ls pulses for 2000 scans, respectively. Aluminum nitrate nonahydrate and tetramethylsilane were used as chemical references. Prior to the 27 Al MAS NMR measurements, the sample was moisture-equilibrated on a saturated solution of NH 4 Cl for 24 h. The IR spectra for the framework vibration were recorded on a FT-IR spectrometer (JEOL JIR-7000) with a resolution 4 cm -1 at room temperature. The sample was pressed into a self-supporting thin wafer (ca. 6.4 mg cm -2 ) and was placed in a quartz IR cell with CaF 2 windows. Prior to the measurements, each sample was dehydrated under vacuum at 400°C for 2 h. The IR spectra of chemisorbed pyridine on various zeolites Y were also measured at room temperature. The adsorption of pyridine was carried out at 150°C for 1 h, and then evacuated at 200°C for 30 min to remove the excess and weakly adsorbed pyridine. High-resolution transmission electron microscope (TEM) images were obtained on a Hitachi H-9000 NAR microscope with an accelerating voltage of 300 kV.
3 Results and discussion 3.1 Realumination in H 2 SO 4 and CH 3 COOH aqueous solutions At first, the dealuminated zeolite Y prepared by steaming was characterized. The XRD pattern of the dealuminated zeolite showed no peaks other than 
